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DESCRIPTION 



APPARATUS AND METHOD FOR RADIO TRANSMISSION 

5 Technical Field 

[0001 ] The present invention relates to an apparatus and 
method for radio transmission. 

Background Art 

10 [0002 ] As a method of transmitting a large volume of data 
at a high speed, a system combining an OFDM (Orthogonal 
Frequency Division Multiple) and CDMA is under study in 
recent years. As a system combining OFDM and CDMA, there 
are two schemes; a scheme whereby chips with spread data 

15 are mapped on subcarriers in a frequency domain and a 
scheme whereby chips with spread data are mapped on 
subcarriers in a time domain. 

[0003] When data is spread in the frequency domain, there 
may be violent propagation channel variation in the 

20 frequency domain caused by frequency selective fading 
due to a multipath environment, which causes 
orthogonality among spreading codes to be lost 
deteriorating its reception characteristic though a 
frequency diversity effect can be obtained during 

25 despreading. 

[ 0004 ] When data is spread in the time axis domain, a 
variation in the propagation channel in the time axis 
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domain is relatively moderate compared to that in the 
frequency domain, and therefore little frequency 
diversity effect is obtained, but orthogonality among 
spreading codes is maintained. However, data assigned 
5 to subcarriers with sharp drops has a very low reception 
SNR, and therefore there is a high probability that the 
data may be completely erroneous . 

[0005] Especially when codes are multiplexed using M-ary 
modulation such as 16QAM, deterioration of reception 
10 performance due to loss of orthogonality among spreading 
codes is drastic, and therefore spreading in the time 
axis domain has a better characteristic than spreading 
in the frequency domain. 

15 Disclosure of Invention 

Problems to be Solved by the Invention 

[0006] However, both methods of the conventional 
apparatus have advantages and disadvantages and have a 
20 problem that it is difficult to improve transmission 
efficiency by combining OFDM and CDMA. 

[0007] It is an object of the present invention toprovide 
an apparatus and method for radio transmission capable 
of carrying out communications with high transmission 
25 efficiency . 

Means for Solving the Problem 
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[ 0008 ] The radio transmission apparatus according to the 
present invention is a radio transmission apparatus that 
transmits a radio signal consisting of a plurality of 
subcarriers and adopts a configuration comprising a 
modulator that modulates transmission data using a first 
modulation scheme to obtain first modulated data and 
modulates the transmission data using a second modulation 
scheme of a higher modulation M-ary number than the first 
modulation scheme to obtain second modulated data, a 
spreader that spreads the first modulated data to obtain 
a plurality of first chips and spreads the second modulated 
data to obtain a plurality of second chips and a mapping 
unit that maps the first chips on a plurality of first 
subcarriers mapped in the frequency domain and maps the 
second chips on a plurality of second subcarriers mapped 
in the time domain. 

Advantageous Effect of the Invention 

[0009] According to the present invention, it is possible 
20 to realize communications with a high degree of 
t r ansmi ssion efficiency. 

Brief Description of Drawings 

[0010] FIG.l is a block diagram showing the configuration 
25 of a radio communication apparatus according to 
Embodiment 1 of the present invention; 

FIG. 2 illustrates an example of channel variations in 
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the frequency domain; 

FIG. 3 illustrates an example of a channel variation on 
. a time axis ; 

FIG. 4 illustrates an example of chip arrangement of a 
5 radio communication apparatus of the above described 
embodiment ; 

FIG. 5 is a block diagram showing an example of the 
configuration of the mapping section of the radio 
communication apparatus of the above described 
10 embodiment; 

FIG. 6 illustrates an example of spread data; 

FIG. 7 illustrates an example of data mapped on 

subcarr ier s ; 

FIG. 8 is another block diagram showing the configuration 
15 of the radio communication apparatus according to 
Embodiment 1 of the present invention; 

FIG. 9 is a block diagram showing an example of the 
configuration of a demapping section of the radio 
communication apparatus of the above described 
20 embodiment ; 

FIG. 10 is a block diagram showing an example of the 
configuration of the mapping section of the radio 
communication apparatus in the above described 
embodiment ; 

25 FIG. 11 illustrates an example of channel variation in 
the frequency domain; 

FIG. 12 illustrates an example of chip arrangement of the 
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radio communication apparatus of the above described 
embodiment ; 

FIG. 13 is a block diagram showing an example of the 
configuration of the demapping section of the radio 
5 communication apparatus of the above described 
embodiment ; 

FIG. 14 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 

2 of the present invention; 

10 FIG. 15 illustrates an example of spread data; 

FIG. 16 illustrates an example of data mapped on 
subcarrier s ; 

FIG. 17 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
15 2 of the present invention; 

FIG. 18 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 

3 of the present invention; 

FIG. 19 is a block diagram showing an example o>f the 
20 configuration of the mapping section of the radio 
communication apparatus of this embodiment; 
FIG. 20 illustrates an example of spread data; 
FIG. 21 illustrates an example of data mapped on 
subcarrier s ; 

25 FIG. 22 is another block diagram showing the configuration 
of the radio communication apparatus according to 
Embodiment 3 of the present invention; 
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FIG. 23 is block diagram showing an example of the 
configuration of a demapping section of the radio 
communication apparatus of the above described 
embodiment ; 

5 FIG. 24 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 

4 of the present invention; 

FIG. 25 is a block diagram showing an example of the 
configuration of the mapping section of the radio 
10 communication apparatus of the above described 
embodiment ; 

FIG. 2 6 is another block diagram showing the configuration 
of the radio communication apparatus according to 
Embodiment 4 of the present invention; 
15 FIG. 27 is a block diagram showing an example of the 
configuration of a demapping section of the radio 
communication apparatus of the above described 
embodiment ; 

FIG. 28 is a block diagram showing the configuration of 
20 a radio communication apparatus according to Embodiment 

5 of the present invention; 

FIG. 29 is a block diagram showing an example of the 
configuration of the mapping section of the radio 
communication apparatus of the above described 
25 embodiment; 

FIG. 3 0 is another block diagram showing the configuration 
of the radio communication apparatus according to 
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Embodiment 5 of the present invention; and 
FIG. 31 is a block diagram showing an example of the 
configuration of a demapping section of the radio 
communication apparatus of the above described embodiment 
5 of the present invention. 

Best Mode for Carrying Out the Invention 

[0011] Now, embodiments of the present invention will 
be described in detail with reference to the accompanying 
10 drawings below. 
(Embodiment 1) 

FIG.l is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
1 of the present invention. The radio communication 

15 apparatus 100 in FIG.l is principally comprised of coder 
101, modulatoj 102, spreader 103, radio reception section 
104, decision section 105, mapping section 106, I FFT 
section 107, P/S converter 108, G.I addition section 109 
and radio transmission section 110. 

20 [0012] In FIG.l, coder 101 codes data to be transmitted 
and outputs the data to modulator 102. Modulator 102 
modulates the data and outputs the modulated data to 
spreader 103. Spreader 103 multiplies the data by a 
spreading code and outputs the multiplication result to 

25 mapping section 106. 

[0013] Radio reception section 104 receives a radio 
signal transmitted from the other communication party, 
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amplifies, converts the signal to a signal with a baseband 
frequency, demodulates and decodes it to obtain 
information about propagation channel quality of each 
subcarrier. Radio reception section 104 outputs the 
5 information about the propagation channel quality to 
.decision section 105. Decision section 105 decides 
whether the propagation channel quality is equal to or 
higher or lower than a predetermined level for each 
subcarrier and outputs the decision result to mapping 
10 s e c t i on 10 6. 

[0014] Mapping section 106 maps chips with spread data 
in the time axis domain. Furthermore, mapping section 
106 maps chips with spread data on subcarriers having 
propagation channel quality lower than a predetermined 
15 level in the frequency domain. Mapping section 106 then 
outputs the data (chips) mapped on the respective 
subcarriers to I F FT section 107. 

[0015] I F FT section 107 applies an inverse fast Fourier 
transform to the data mapped on the respective subcarriers 
20 and outputs the converted data to P/S converter 108. P/S 
converter 108 converts the data after I F FT from parallel 
to serial and outputs the serial data to G.I addition 
section 10 9. 

[0016] G.I addition section 109 adds a guard interval 
25 to the data and outputs it to radio transmission section 
110. Radio transmission section 110 converts the data 
to data with a radio frequency. 



[0017] Next, the operation of data arrangement of the 
radio communication apparatus according to this 
embodiment will be explained. FIG. 2 illustrates an 
example of channel variations in the frequency domain. 
5 In FIG. 2, the vertical axis shows a reception level and 
the horizontal axis shows a frequency. Furthermore, fl 
to fl2 show subcarrier frequencies. In FIG. 2, signals 
having f2, f5, f8, fll have very low reception levels 
due to frequency selective fading. The level differences 

10 among frequencies are very large. For example, the level 
difference between the signal having f 10 and signal having 
fll and the level difference between the signal having 
fll and signal having fl2 are very large. 
[0018] On the other hand, variations of the respective 

15 frequencies in the time domain have smaller level 
differences than variations in the frequency domain. 
FIG. 3 illustrates an example of a channel variation on 
a time axis. In FIG. 3, the vertical axis shows a reception 
level and the horizontal axis shows a time. The reception 

20 level in FIG. 3 is expressed on the same scale as that 
of the reception level in FIG. 2. 

[0019] FIG. 3 shows variations in the time domain of the 
signals having frequencies flO, fll and fl2 in FIG. 2. 
It is appreciated that variations of the respective 
25 signals in the time domain have smaller level differences 
than those in FIG. 2. 

[0020] Therefore, the present invention transmits chips 
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with spread data mapped on carriers having reception 
levels equal to or higher than a predetermined level in 
the time domain and transmits chips with spread data mapped 
on carriers having reception levels lower than a 
5 predetermined level in the frequency domain. 

[ 0021 ] FIG. 4 illustrates an example of chip arrangement 
of a radio communication apparatus of this embodiment. 
In FIG . 4 , the vertical axis shows a time and the horizontal 
axis shows a frequency. Furthermore, frequencies fl to 

10 fl2 in FIG. 4 correspond to frequencies fl to fl2 in FIG. 2. 
[0022] Radio communication apparatus 100 maps chips with 
spread data on subcarriers having frequencies fl, f3, 
f4, f6, f7 , f9, flO and fl2 having reception levels equal 
to or higher than a predetermined level in the time domain. 

15 For example, chips obtained by spreading transmission 
data are mapped at positions 411, 412, 413 and 414. 
[0023] Radio communication apparatus 100 then maps chips 
with spread data on subcarriers having frequencies f2, 
f5, f8 and fll having reception levels lower than a 

20 predete rmined level in the frequency domain . Forexample, 
chips obtained by spreading transmission data are mapped 
at positions 421, 431, 441 and 451. 

[0024] Next, details of mapping section 106 will be 
explained. FIG. 5 is a block diagram showing an example 
25 of the configuration of the mapping section of the radio 
communication apparatus of this embodiment. Mapping 
section 106 in FIG. 5 is pr i nc i pa 1 1 y compr i s ed of mapping 
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controller 501, switch 502, time domain mapping section 

503, frequency domain mapping section 504 and switch 505. 
[0025] In FIG. 5, mapping controller 501 controls switch 
502 and switch 505 based on a decision result output from 

5 decision section 105. 

[0026] First, mapping controller 501 outputs an 
instruction to switch 502 to output data to be mapped 
on subcarriers having propagation channel quality equal 
to or higher than a predetermined level from spreader 

10 103 to time domain mapping section 503. Next, mapping 
controller 501 outputs an instruction to switch 502 to 
output data to be mapped on subcarriers having propagation 
channel quality lower than a predetermined level from 
spreader 103 to frequency domain mapping section 504. 

15 [0027] • Furthermore, mapping controller 501 outputs the 
number of subcarriers having propagation channel quality 
equal to or higher than a predetermined level to time 
domain mapping section 503 and outputs the number of 
subcarriers having propagation channel quality lower than 

20 a predetermined level to frequency domain mapping section 

504. Furthermore, mapping controller 501 outputs 
frequencies of the subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
and frequencies of the subcarriers having propagation 

25 channel quality lower than a predetermined level to switch 
505. 

[0028] Following the instruction of mapping controller 
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501, switch 502 outputs chips spread by spreader 103 to 
time domain mapping section 503 or frequency domain 
mapping section 504 . Time domain mapping section 503 maps 
the chips on their respective subcarriers in the time 
5 domain and outputs them to switch 505. Frequency domain 
mapping section 504 maps the chips on their respective 
subcarriers in the frequency domain and outputs them to 
switch 5 0 5. 

[0029] Switch 505 outputs the chips output from time 

10 domain mapping section 503 to subcarriers having 
propagation channel quality equal to or higher than a 
predetermined level and outputs the chips output from 
frequency domain mapping section 504 to subcarriers 
having propagation channel quality lower than a 

15 predetermined level. 

[0030] An example of mapping using the above described 
configuration will be explained below. FIG. 6 

illustrates an example of spread data. FIG. 7 illustrates 
an example of data mapped on subcarriers. The data in 

20 FIG. 6 is spread at a spreading factor of 4 and one piece 
of data is spread on four chips. Furthermore, in FIG. 7, 
propagation channel quality of carrier frequency fl, f3, 
f 6 and f7 is equal to or higher than a predetermined level, 
whereas propagation channel quality of carrier frequency 

25 f2, f4, f5 and f8 is lower than a .predetermined level. 
[0031] Data 601 is mapped to frequency f 1 in FIG . 7 . Next, 
data 602 is mapped to frequency f3 in FIG. 7, data 603 
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is mapped to frequency f6 in FIG. 7 and data 604 is mapped 
to frequency f7 in FIG. 7 in the time axis domain. 
[0032 ] After data is mapped to carrier frequencies having 
propagation channel quality equal to or higher than a 
5 predetermined level in the time axis domain, data is mapped 
to carrier frequencies having propagation channel quality 
lower than a predetermined level in the frequency domain. 
[0033] Data 605 is mapped to positions 701 , 702 , 703 and 
704 of frequencies f2, f4, f5 and f 8 . Likewise, data 606, 
10 607 and 608 are mapped to frequencies f2, f4, f5 and f8 
in chip units . 

[0034] Through the above described operation, radio 
communication apparatus 100 maps data to carrier 
frequencies having propagation channel quality equal to 
15 or higher than a predetermined level in the time axis 
domain and maps data to carrier frequencies having 
propagation channel quality lower than a predetermined 
level in the frequency domain. 

[0035] Next, an example where data transmitted by radio 
20 communication apparatus 100 is received will be explained. 
FIG. 8 is another block diagram showing the configuration 
of the radio communication apparatus according to 
Embodiment 1 of the present invention. The radio 
communication apparatus 800 in FIG. 8 is principally 
25 comprised of radio reception section 801, G.I deletion 
section 802 , S / P conve r t e r 8 0 3 , FFT sect ion 8 0 4 , demapping 
section 805, channel estimation section 806, decision 

13 



section 807, radio transmission section 808, despreader 
809, demodulator 810 and decoder 811. 

[0036] In FIG. 8, radio reception section 801 receives 
a radio signal transmitted from radio communication 
5 apparatus 100, converts this radio signal to a signal 
with a baseband frequency, outputs the received signal 
obtained to G.I deletion section 802. G.I deletion 
section 802 removes a guard interval from the received 
signal and outputs it to S/P converter 803. 

10 [0037 ] S/P converter 803 converts data from serial to 
. parallel and outputs it to FFT section 804. F FT section 
804 subjects the received signals to a fast Fourier 
transform and outputs the transformed received signals 
to demapping section 805. 

15 [0038 ] Following the decision result of decision section 
807, demapping section 805 unites chips mapped in the 
time axis domain of received signals of subcarriers having 
propagation channel quality equal to or higher than a 
predetermined level into one piece of data and unites 

20 chips mapped in the frequency axis domain of received 
signals of subcarriers having propagation channel quality 
lower than a predetermined level into one piece of data. 
[0039] Demapping section 805 then outputs the remapped 
data to despreader 809. Furthermore, demapping section 

25 805 outputs the received signals of the respective 
subcarriers to channel estimation section 806. 
[0040] Channel estimation section 806 estimates a 
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propagation channel environment for each subcarrier and 
outputs the estimation results to decision section 807 
and radio transmission section 8 08. For example, channel 
estimation section 806 measures reception quality of a 
pilot signal inserted for each subcarrier and estimates 
a propagation channel environment for each subcarrier 
from this reception quality. 

[004 1 ] Decision section 8 07 decides whether propagation 
channel quality is equal to or higher or lower than a 
predetermined level for each subcarrier and outputs the 
decision results to demapping section 805. Decision 
section 807 makes such decisions based on the same 
reference as that of decision section 105 of radio 
communication apparatus 100, and therefore, it is 
possible to allow mapping section 106 of radio 
communication apparatus 100 and demapping section 805 
of radio communication apparatus 800 to have the same 
subcarriers on which data chip components are mapped in 
the time domain and the same subcarriers on which data 
chip components are mapped in the frequency domain. 
[0042] Radio transmission section 808 modulates 

information about the estimated propagation channel 
quality and converts it to a radio frequency and transmits 
the signal as a radio signal to radio communication 
apparatus 100. Despreader 809 despreads the remapped 
received data by multiplying the received data by a 
spreading code and outputs the * despread data to 
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demodulator 810. Demodulator 810 demodulates the 
received data and outputs the demodulated data to decoder 
811. Decoder 811 decodes the received data. 
[0043] Next, details of demapping section 805 will be 
5 explained. FIG. 9 is a block diagram showing an example 
of the configuration of the demapping section of the radio 
communication apparatus of this embodiment. Demapping 
section 805 in FIG. 9 is principally constructed of 
demapping controller 901, switch 902, time domain 
10 demapping section 903, frequency domain demapping section 
904 and switch 905. 

[0044] Demapping controller 901 controls switch 902 and 
switch 905 based on the decision result output from 
decision section 807 . Furthermore, demapping controller 

15 901 outputs the frequencies of subcarriers having 
propagation channel quality equal to or higher than a 
predetermined level and the frequencies of subcarriers 
having propagation channel quality lower than a 
predetermined level to switch 902. 

20 [0045] Demapping controller 901 outputs the number of 
subcarriers having propagation channel quality equal to 
or higher than a predetermined level to time domain 
demapping section 903 and outputs the number of 
subcarriers having propagation channel quality lower than 

25 a predetermined level to frequency domain demapping 
section 904 . 

[0046] Switch 902 outputs the received signals 
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transmitted with subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
to time domain demapping section 903 and outputs the 
received signals transmitted with subcarriers having 
5 propagation channel quality lower than a predetermined 
level to frequency domain demapping section 904. 
[0047] Time domain demapping section 903 unites chips 
mapped on their respective subcarriers in the time domain 
into one piece of data and output the data to switch 905. 
10 Frequency domain demapping section 904 unites chips 
mapped on their respective subcarriers in the frequency 
domain into one piece of data and output the data to switch 
905 . 

[0048] Switch 905 outputs the received data output from 
15 time domain demapping section 903 to despreader 809 and 
then outputs the received data output from frequency 
domain demapping section 904 to despreader 809. 
[0049] Thus, in an OFDM-CDMA communication, the radio 
communication apparatus of this embodiment maps chips 
20 on subcarriers having a propagation channel environment 
better than a predetermined level in the time axis domain 
and chips on subcarriers having a propagation channel 
environment worse than a predetermined level in the 
frequency domain, and therefore, i t i s po s s ibl e t o a ch i e ve 
25 the effect of maintaining orthogonality among spreading 
codes when chips are spread in the time domain and the 
frequency diversity effect when chips are spread in the 

17 



frequency domain. 

[0050] In the above described embodiment, chips with 
spread data are mapped in the frequency domain for 
subcarriers in a bad propagation channel environment, 
5 but these chips may also be mapped two-dimens ionally , 
in the frequency domain and time axis domain. An example 
where chips are mapped two-dimens i ona 1 1 y will be 
explained below. 

[0051] FIG. 10 is a block diagram showing an example of 
10 the configuration of the mapping section of the radio 
communication apparatus in this embodiment. However, 
the same components as those in FIG. 5 are assigned the 
same reference numerals as those in FIG. 5 and detailed 
explanations thereof will be omitted . 
15 [0052] The mapping section 106 in FIG. 10 is provided with 
two-dimensional mapping section 1001 instead of frequency 
domain mapping section 504. Two-dimensional mapping 
section 1001 maps chips with spread data on subcarriers 
in a bad propagation channel environment 
20 two-dimens ionally , in the frequency domain and time axis 
domain, and outputs the chips to switch 505. 
[0053] FIG. 11 illustrates an example of channel 
variation in the frequency domain. In FIG. 11, the 
vertical axis shows a reception level and the horizontal 
25 axis shows a frequency. Furthermore, fl to fl2 indicate 
subcarrier frequencies. In FIG. 11, signals of f2, f5, 
f8, f9, £10 and fll have very low reception levels due 
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to frequency selective fading. Signals of fl, f3, f4, 
f 6 , f 7 and f 12 have reception levels higher than threshold 
1101 . 

[0054] FIG. 12 illustrates an example of chip arrangement 
5 of the radio communication apparatus of this embodiment. 
In FIG. 12, thevertical axis shows a time and the horizontal 
axis shows a frequency. Furthermore, frequencies fl to 
f 12 in FIG. 12 correspond to frequencies fl to f 12 in FIG . 11 . 
[0055] Radio communication apparatus 100 maps chips with 

10 spread data on subcarriers of frequencies fl, f3, f4, 
f6, f7 and fl2 having reception levels equal to or higher 
than a predetermined level in the time domain. For 
example, chips obtained by spreading transmission data 
are mapped at positions 1211, 1212, 1213 and 1214. 

15 [0056] Radio communi ca t ion apparatus 100 then maps chips 
with spread data on subcarriers having frequencies of 
f2, f5, f8, f9, flO and fll having reception levels lower 
than a predetermined level t wo-dimens i ona 1 1 y , in the 
frequency domain and time axis domain . For example , chips 

20 obtained by spreading transmission data are mapped at 
positions 1221, 1222, 1223 and 1224. 

[0057] FIG. 13 is a block diagram showing an example of 
the configuration of the demapping section of the radio 
communication apparatus of this embodiment. However, 
25 the same components as those in FIG.9 are assigned the 
same reference numerals as those in FIG.9 and detailed 
explanations thereof will be omitted. 
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[0058] Demapping section 805 in FIG. 13 is provided with 
two-dimensional demapping section 1301 instead of 
frequency domain demapping section 904 . Two-dimensional 
demapping section 1301 unites chips mapped on subcarriers 
5 in a bad propagation channel environment 
two-dimensionally , in the frequency domain and time axis 
domain, into one piece of data and outputs the data to 
switch 905. 

[0059] Thus, for subcarriers in a bad propagation channel 
10 environment, chips with spread data are mapped 
two-dimensionally, in the frequency domain and time axis 
domain . 

[0060] Furthermore, according to the above described 
explanation, channel estimated values based on the 

15 received data of the corresponding frame are used as the 
input of the decision section for channel estimation 
section 806 and decision section 807 on the receiver side, 
but when, for example, FDD is used, it is possible to 
save channel estimated values of the preceding frame 

20 (decision section input on the transmitting side of the 
frame) and perform demapping based on this. 
[00 61 ] Furthermore, in the case of a TDD scheme, it is 
also possible to use a method whereby the radio 
communication apparatuses on the transmitting side and 

25 receiving side perform channel estimation based on their 
received signals respectively and do not send any channel 
estimated values to the other communication party. 

20 



[0062] 

(Embodiment 2) 

FIG. 14 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
2 of the present invention. However, the same components 
as those in FIG. 1 are assigned the same reference numerals 
as those in FIG.l and detailed explanations thereof will 
be omitted. 

[0063] The radio communication apparatus 14 00 in FIG. 14 
is provided with coder 1401, modulator 1402, modulator 
1403, spreader 1404, spreader 1405 and mapping section 
14 0 6 , and is different from FIG.l in that it maps chips 
on subcarriers for information bits two-dimens ional ly , 
in the frequency domain and time domain, and maps chips 
on subcarriers for parity bits in the time domain. 
Mapping section 1406 is comprised of two-dimensional 
mapp ing section 1407 and time doma i n mapping section 1408 . 

[0064] In FIG. 14, coder 1401 codes data transmitted, 
outputs information bits of the data to modulator 1402 
andoutputsparitybits to modulator 1403. Modulator 1402 
modulates the information bits and outputs the modulated 
information bits to spreader 1404. Modulator 1403 
outputs the parity bits and outputs the modulated parity 
bits to spreader 1405. 

[0065] Spreader 1404 multiplies the information bits by 
a spreading code and outputs the multiplication result 
to two-dimensional mapping section 1407. Spreader 1405 



21 



multiplies the parity bits by a spreading code and outputs 
the multiplication result to time domain mapping section 
14 0 8. 

[0066] Two-dimensional mapping section 1407 maps the 
5 chips of the information bits on subcarriers 
two-dimensionally, in the frequency domain and time axis 
domain, and outputs the chips to I F FT section 107 . Time 
domain mapping section 14 08 maps chips of the parity bits 
on subcarriers in the time domain and outputs the chips 

10 to IFFT section 107. 

[0067] Next, mapping of the radio communication 
apparatus 1400 of this embodiment will be explained. 
FIG. 15 illustrates an example of spread data. In the case 
of the data in FIG. 15, one piece of data is spread into 

15 four chips at a spreading factor of 4. Furthermore, in 
FIG. 15, data is coded at a coding rate of 1/2, the 
information bit consists of four bits 1501 to 1504 and 
the parity bit consists of four bits 1505 to 1508. 
[0068] FIG. 16 illustrates an example of data mapped on 

20 subcarriers. In FIG. 16, the vertical axis shows a 
frequency and the horizontal axis shows a time. In FIG. 16, 
radio communication apparatus 1400 maps information bits 
1501 to 1504 two-dimensionally, 2 chips in the frequency 
domain and 2 chips in the time domain. 

25 Furthermore, radio communication apparatus 1400 maps 
parity bits 1505 to 1508 in the time domain. 
[0069] Next, the radio communication apparatus that 
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receives data transmitted from radio communication 
apparatus 14 00 willbe explained. FIG. 17 is anotherblock 
diagram showing the configuration of the radio 
communication apparatus according to Embodiment 2 of the 
present invention. However, the same components as those 
in FIG. 8 are assigned the same reference numerals as those 
in FIG. 8 and detailed explanations thereof will be 
omitted . 

[0070] Radio communication apparatus 1700 in FIG. 17 is 
provided with demapping section 1701, despreader 1702, 
despreader 1703, demodulator 1704, demodulator 1705 and 
decoder 1706, and is different from the radio 
communication apparatus in FIG. 8 in that it unites chips 
mapped on subcarriers for information bits 
two-dimens ionally , in the frequency domain and time 
domain, into one information bit, and unites chips mapped 
on subcarriers for parity bits in the time domain into 
one parity bit. Demapping section 1701 is constructed 
of two-dimensional demapping section 1707 and time domain 
demapping section 1708. 

[0071] FFT section 804 applies a fast Fourier transform 
to a received signal and outputs the transformed received 
signal to two-dimensional demapping section 1707 and time 
domain demapping section 1708. 

[0072] Two-dimensional demapping section 1707 unites 
chips mapped on respective subcarriers two-dimensionally , 
in the frequency domain and time domain, into one 
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information bit and outputs the information bit to 
despreader 1702. Time domain demapping section 1708 
unites chips mapped on respective subcarriers in the 
frequency domain into one parity bit and outputs the parity 
5 bit to despreader 1703. 

[0073] Despreader 1702 despreads the remapped 

information bit by multiplying it by a spreading code 
and outputs the spread information bit to demodulator 
1704 . Despreader 1703 despreads the remapped parity bit 
10 by multiplying it by a spreading code and outputs the 
spread parity bit to demodulator 1705. 

[0074 ] Demodulator 17 04 demodulates the inf ormat ion bi t 
and outputs the demodulated bit to decoder 1706. 
Demodulator 1705 demodulates the parity bit and outputs 

15 the demodulated parity bit to decoder 1706. Decoder 1706 
decodes data from the information bit and parity bit. 
[0075] Thus, in an OFDM-CDMA communication, the radio 
communication apparatus of this embodiment maps chips 
of information bits on subcarriers t wo-dimen s io na 1 1 y , 

20 in the frequency domain and time domain, and maps chips 
of parity bits on subcarriers in the time domain, and 
therefore, it is possible to prevent the levels of 
information bits from deteriorating extremely, maintain 
orthogonality of parity bits and make the most of 

25 characteristics of the respective bits necessary for 
error correction. 

[0076] According to the above described explanations, 
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subcarriers for time domain spreading and for 
two-dimensional spreading are completely separated, but 
there may also be subcarriers to which both spreading 
methods are applied. 
[ 0077 ] 

(Embodiment 3) 

FIG. 18 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
3 of the present invention. However, the same components 
as those in FIG. 1 are assigned the same reference numerals 
as those in FIG.l and detailed explanations thereof will 
be omitted. 

[0078] Radio communication apparatus 1800 in FIG. 18 is 
provided with coder 1801, coder 1802, modulator 1803, 
modulator 1804, spreader 1805, spreader 1806 and mapping 
section 1807, and is different from the radio 
communication apparatus in FIG.l in that when data coded 
at a plurality of different coding rates are transmitted, 
for data coded at a high coding rate, chips with spread 
data are mapped on subcarriers two- dime ns i ona 1 1 y , in the 
frequency domain and time domain and for data coded at 
a low coding rate, chips with spread data are mapped on 
subcarriers in the time domain. 

[0079] Coder 1801 codes data to be transmitted and 
outputs the coded data to modulator 1803. Coder 1802 
codes data to be transmitted at a coding rate lower than 
that of coder 1801 and outputs the coded data to modulator 
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1804 . 

[0080 ] Modulator 1803 modulates the data and outputs the 
modulated data to spreader 1805. Modulator 1804 
modulates the data and outputs the modulated data to 
5 spreader 1806. 

[0081] Spreader 1805 multiplies the data by a spreading 
code and outputs the multiplication result to mapping 
section 1807. Spreader 1806 multiplies the data by a 
spreading code and outputs the multiplication result to 
10 mapping section 1807. 

[0082 ] For the data output from spreader 1 8 05 , that is 
to say, data subjected to coding processing at a high 
coding rate, mapping section 1807 maps chips with spread 
data on subcarriers two-dimensionally , in the frequency 
15 domain and time domain. Furthermore, for data output 
from spreader 1806, that is to say, data subjected to 
coding processing at a low coding rate, mapping section 
1807 maps chips with spread data on subcarriers in the 
time domain. Mapping section 1807 then outputs the data 
20 with chips mapped on subcarriers to I F FT section 107. 

[0083] Next, details of mapping section 1807 will be 
explained. FIG. 19 is a block diagram showing an example 
of the configuration of the mapping section of the radio 
communication apparatus of this embodiment. 
25 [0084] Mapping section 1807 in FIG. 19 is principally 
constructed of two-dimensional mapping section 1901, time 
domain mapping section 1902 and adder 1903. 



[ 0085] For data coded at a high coding rate, 

two-dimensional mapping section 1901 maps chips with 
spread data on subcarriers t wo- dimens i on a 1 1 y , in the 
frequency domain and time axis domain, and outputs the 
5 chips to adder 1903. For data coded at a low coding rate, 
time domain mapping section 1902 maps -chips with spread 
data on subcarriers in the time domain and outputs the 
chips to adder 1903. 

[008 6] Adder 1903 adds up the data output from 

10 two-dimensional mapping section 1901 and data output from 
time domain mapping section 1902 for each subcarrier and 
outputs the addition result to IFFT section 107. 
[0087] FIG. 20 illustrates an example of spread data. 
The data in FIG. 20 comprises of data 2 001 coded at a low 

15 coding rate, data 2002 to 2005 coded at coding rates higher 
than that of data 2001. FIG. 21 illustrates an example 
of data mapped on subcarriers. In FIG. 21, the vertical 
axis shows code multiplexing and the horizontal axis shows 
a frequency. Furthermore, the axis in the diagonal 

20 rightward domain shows a time. 

[0088] For low coding rate data 2001, chips are mapped 
on subcarriers in the time domain and for high coding 
rate data 2002 to 2005, chips are mapped on subcarriers 
two-dimensionally , in the frequency domain and time 

25 domain . 

[0089] Next, the radio communication apparatus that 
receives data transmitted from radio communication 
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apparatus 1800 will be explained. FIG. 22 is another block 
diagram showing the configuration of the radio 
communication apparatus according to Embodiment 3 of the 
present invention. However, the same components as those 
in FIG. 8 are assigned the same reference numerals as those 
in FIG. 8 and detailed explanations thereof will be 
omi 1 1 ed . 

[0090 ] In FIG. 22, radio communication apparatus 2200 is 
provided with demapping section 2201, despreader 2202, 
despreader 2203, demodulator 2204, demodulator 2205, 
decoder 2206 and decoder 2207 , and is different from the 
radio communication apparatus in FIG. 8 in that for data 
coded at a high coding rate, it unites chips mapped on 
subcarriers t wo - dime ns i ona 1 1 y , in the frequency domain 
and time domain, into one information bit, and for data 
coded at a low coding rate, it unites chips mapped on 
subcarriers in the time domain into one parity bit. 
[0091] In FIG. 22, FFT section 804 applies a fast Fourier 
trans form to a received signal and outputs the trans formed 
received signal to demapping section 2201. 
[0092] Demapping section 2201 unites chips mapped on 
respective subcarriers two-dimens ional ly , in the 
frequency domain and time domain, into one information 
bit, outputs the information bit to despreader 2202 and 
unites chips mapped on respective subcarriers in the time 
domain into one parity bit and outputs the parity bit 
to despreader 2203. 
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[0093] Despreader 2202 multiplies the remapped data by 
a spreading code and outputs the multiplication result 
to demodulator 2204. Despreader 2203 multiplies the 
remapped data by a spreading code and outputs the 
5 multiplication result to demodulator 2205. 

[ 00 94 ] Demodulator 22 0 4 demodulates thedataand outputs 
it to decoder 2206. Demodulator 2205 demodulates the data 
and outputs it to decoder 2207. 

[0095] Decoder 2206 and decoder 2207 decode the data. 

10 The coding rate for the data processed by decoder 2206 
corresponds to coder 1801 and the coding rate for the 
data processed by decoder 22 07 corresponds to coder 1802. 
That is, the coding rate for the data processed by decoder 
220 6 is higher than the coding rate for the data processed 

15 by decoder 2207. 

[0096] Next, details of demapping section 2201 will be 
explained. FIG. 23 is a block diagram showing an example 
of the configuration of- a demapping section of the radio 
communication apparatus of this embodiment. 

20 [0097] Demapping section 2201 in FIG. 23 is principally 
comprised of two-dimensional demapping section 2301 and 
time domain demapping section 2302. 

[0098] For data coded at a high coding rate, 

two-dimensional demapping section 2301 unites chips 
25 mapped on respective subcarriers t wo- dime ns i on a 1 1 y , in 
the frequency domain and time domain, into one information 
bit and outputs the information bit to despreader 2202. 
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For data coded at a low coding rate, time domain demapping 
section 2302 unites chips mapped on respective 
subcarriers in the time domain into one parity bit and 
outputs the parity bit to despreader 2203. 
5 [0099] Thus, when data is transmitted coded at a 
plurality of different coding rates, the radio 
communication apparatus according to this embodiment maps 
chips with spread data on subcarriers two-dimensionally, 
in the frequency domain and time domain for data coded 

10 at a high coding rate, and maps chips with spread data 
on subcarriers in the time domain for data coded at a 
low coding rate, and therefore, it is possible to prevent 
bits of extremely low reception quality from being 
produced for data coded at a high coding rate and prevent 

15 fewer parity bits from being received incorrectly and 
prevent error correction from being performed 
incorrectly. 

[0100] According to the above described explanations, 
the coding rate is classified into two types, but it is 

20 also possible to mix three or more types of coding rate. 
For example, for data coded at a predetermined coding 
rate or higher, it is possible to arrange chips with spread 
data on subcarriers t wo-dime ns i ona 1 1 y , in the frequency 
domain and time domain, and for data coded at a coding 

25 rate lower than a predetermined spreading code, it is 
possible to arrange chips with spread data on subcarriers 
in the time domain. 
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[0101] Furthermore, the above described explanations 
describe an example where the spreading factor is 4, but 
there is no limitation to the spreading factor and the 
present invention is applicable to any spreading factor. 
5 [0102] 

( Embodiment 4 ) 

FIG. 24 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
4 of the present invention. However, the same components 
10 as those in FIG. 1 are assigned the same reference numerals 
as those in FIG.l and detailed explanations thereof will 
be omitted. 

[0103] Radio communication apparatus 2400 in FIG. 24 is 
provided with coder 2401, modulator 2402, spreader 2403, 

15 spreader 2404 and mapping section 2405, and is different 
from the radio communication apparatus in FIG.l in that 
symbols spread in the frequency axis domain are spread 
at a higher spreading factor than that of symbols spread 
in the time axis domain. Furthermore, mapping section 

20 2405 is principally constructed of frequency domain 
mapping section 2406 and time domain mapping section 2407 . 
[0104] Coder 2401 codes data to be transmitted and 
outputs the coded data to modulator 2402 . Modulator 2402 
modulates the data and outputs part of the modulated data 

25 to spreader 2 403 and outputs the other part of the data 
to spreader 2404. 

[0105] Spreader 2403 spreads data and output the spread 
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data to frequency domain mapping section 2406 in mapping 
section 2405. Spreader 2404 spreads data at a spreading 
factor lower than that of spreader 2403 and outputs the 
spread data to time domain mapping section 2407 in mapping 
section 2405. 

[0106] Frequency domain mapping section 240 6 maps chips 
with spread data on subcarriers in the frequency domain 
and outputs the data with chips mapped on subcarriers 
to IFFT section 107. Time domain mapping section 2407 
maps chips with spread data on subcarriers in the time 
domain and outputs data with chips mapped on subcarriers 
to IFFT section 107 . 

[0107] Next, details of mapping section 2405 will be 
explained. FIG. 25 is a block diagram showing an example 
of the configuration of the mapping section of the radio 
communication apparatus of this embodiment. 

[0108] Mapping controller 2501 outputs the number of 
subcarriers having propagation channel quality equal to 
orhigherthana predetermined level to time domain mapping 
section 2407 and outputs the number of subcarriers having 
propagation channel quality lower than a predetermined 
level to frequency domain mapping section 2406. 
Furthermore, mapping controller 2501 outputs the 
frequencies of subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
and the frequencies of subcarriers having propagation 
channel quality lower than a predetermined level to switch 
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2502 . 

[0109] For the data output from spreader 2403, frequency 
domain mapping section 2406 maps chips with spread data 
on subcarriers in the frequency domain and outputs the 
5 chips to switch 2502. Time domain mapping section 2407 
maps chips spread at a lower spreading factor on 
subcarriers in the time domain and outputs the chips to 
switch 2502 . 

[0110] Switch 2502 outputs chips output from time domain 

10 mapping section 2407 to subcarriers having propagation 
channel quality equal to or higher than a predetermined 
level and outputs chips output from frequency domain 
mapping section 2406 to subcarriers having propagation 
channel quality lower than a predetermined level. 

15 [0111] Through the above described operation, radio 
communication apparatus 2400 maps data to carrier 
frequencies having propagation channel quality equal to 
or higher than a predetermined level in the time axis 
domain and maps data spread at a. higher spreading factor 

20 than data mapped in the time axis domain to carrier 
frequencies having propagation channel quality lower than 
a predetermined level in the frequency domain. 
[0112] Next, an example where data transmitted by radio 
communication apparatus 2400 is received will be 

25 explained. FIG. 26 is a block diagram showing the 
configuration of a radio communication apparatus 
according to Embodiment 4 of the present invention. 
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[0113] Radio communication apparatus 2600 in FIG. 26 is 
provided with demapping section 2601, despreader 2602, 
despreader 2603, demodulator 2604 and decoder 2605, and 
is different from the radio communication apparatus in 
5 FIG. 8 in that symbols spread in the frequency axis domain 
are despread at a higher spreading factor than symbols 
spread in the time axis domain. Furthermore, demapping 
section 2 601 is principally comprised of frequency domain 
demapping section 2 606 and time domain demapping section 
10 2607. 

[0114] Following the decision result of decision section 
807, demapping section 2601 unites chips mapped in the 
time axis domain of received signals of subcarriers having 
propagation channel quality equal to or higher than a 

15 predetermined level into one piece of data and unites 
chips mapped in the frequency domain of received signals 
of subcarriers having propagation channel quality lower 
than a predetermined level into one piece of data. 
[0115] Despreader 2602 despreads the remapped data and 

20 outputs the data to demodulator 2604. Despreader 2603 
despreads the remapped data at a lower spreading factor 
than despreader 2 602 and output the data to demodulator 
2604. Demodulator 2604 demodulates the received data and 
outputs the demodulated data to decoder 2605. Decoder 

25 2605 decodes the received data. 

[0116] Next, details of demapping section 2601 will be 
explained. FIG. 27 is a block diagram showing an example 
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of the configuration of the demapping section of the radio 
communication apparatus of this embodiment. Demapping 
section 2601 in FIG. 27 is principally constructed of 
demapping controller 2701 , switch 2702 , frequency domain 
5 demapping section 2606 and time domain demapping section 
2 607. 

[0117] Based on the decision result output from decision 
section 807, demapping controller 2701 controls switch 
2702. Furthermore, demapping controller 2701 outputs 
10 the frequencies of subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
and the frequencies of subcarriers having propagation 
channel quality lower than a predetermined level to switch 
27 02. 

15 [0118] Demapping controller 2701 outputs the number of 
subcarriers having propagation channel quality equal to 
or higher than a 'predetermined level to time domain 
demapping section 2607 and outputs the number of 
subcarriers having propagation channel quality lower than 

20 a predetermined level to frequency domain demapping 
section 2 606. 

[0119] Switch 2702 outputs the received signals 
transmitted by subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
25 to time domain demapping section 2607 and outputs the 
received signals transmitted by subcarriers having 
propagation channel quality lower than a predetermined 
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level to frequency domain demapping section 2606. 
[0120] Time domain demapping section 2607 unites chips 
mapped on respective subcarriers in the time domain into 
one piece of data and outputs the data to despreader 2603. 
5 Frequency domain demapping section 2606 unites chips 
mapped on respective subcarriers in the frequency domain 
into one piece of data and outputs the data to despreader 
2602 . 

[0121] Thus, in an OFDM-CDMA communication, the radio 
10 communication apparatus of this embodiment spreads 
symbols spread in the frequency axis domain at a higher 
spreading factor than symbols spread in the time axis 
domain, maps chips on which transmission data is spread 
on subcarriers having a propagation channel environment 
15 better than a predetermined level in the time axis domain, 
maps chips on subcarriers having a propagation channel 
environment worse than a predetermined level in the 
frequency domain , and therefore , it is pos s ible to achieve 
the effect of maintaining orthogonality among spreading 
20 codes when chips are spread in the time domain and the 
frequency diversity effect when chips are spread in the 
frequency domain simultaneously. 
[0122 ] 

(Embodiment 5) 

25 FIG. 28 is a block diagram showing the configuration of 
a radio communication apparatus according to Embodiment 
5 of the present invention. However, the same components 
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as those in FIG. 1 are assigned the same reference numerals 
as those in FIG.l and detailed explanations thereof will 
be omitted . 

[0123] Radio communication apparatus 2800 in FIG. 28 is 
5 provided with coder 2801, modulator 2802, modulator 2803, 
spreader 2804, spreader 2805 and mapping section 2806, 
and is different from the radio communication apparatus 
in FIG.l in that symbols spread in the time axis domain 
are modulated under a modulation scheme with a higher 

10 M-ary number than symbols spread in the frequency axis 
domain. Furthermore, mapping section 2806 is 

principally comprised of frequency domain mapping section 
2807 and time domain mapping section 2808. 
[0124] Coder 2801 codes data to be transmitted, outputs 

15 part of the coded data to modulator 2802 and outputs the 
other part of the data to modulator 2803. 
[0125] Modulator 2802 modulates the data and outputs the 
modulated data to spreader 2804. Modulator 2803 
modulates the data under a modulation scheme with a higher 

20 M-ary number than modulator 2802 and outputs the modulated 
data to spreader 2805. For example, modulator 2802 
modulates the data with BPSK or QPSK and modulator 2803 
modulates the data with 16QAM or 6 4 QAM . 

[0126] Spreader 2 804 spreads the data and outputs the 
25 spread data to frequency .domain mapping section 2 807 in 
mapping section 2 806. Spreader 2805 spreads the data and 
outputs the spread data to time domain mapping section 



2808 in mapping section 2806. 

[0127] Frequency domain mapping section 2807 maps chips 
with spread data on subcarriers in the frequency domain 
and outputs the data with chips mapped on subcarriers 
5 to I F FT section 107. Time domain mapping section 2 8 08 
maps chips with spread data on subcarriers in the time 
domain and outputs the data with chips mapped on 
subcarriers to IFFT section 107. 

[0128] Next, details of mapping section 2806 will be 
10 explained. FIG. 29 is a block diagram showing an example 
of the configuration of the mapping section of the radio 
communication apparatus of this embodiment. 
[0129] Mapping controller 2901 outputs the number of 
subcarriers having propagation channel quality equal to 
15 orhigherthana predetermined level to time domain mapping 
section 2808 and outputs the number of subcarriers having 
propagation channel quality lower than a predetermined 
level to frequency domain mapping section 2807. 
Furthermore, mapping controller 2901 outputs the 
20 frequencies of subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
and the frequencies of subcarriers having propagation 
channel quality lower than a predetermined level to switch 
2 902 . 

25 [0130] For the data output from spreader 2804, frequency 
domain mapping section 2807 maps chips with spread data 
on subcarriers in the frequency domain and outputs the 



chips to switch 2902. For the data modulated under a 
modulation scheme with a high M-ary number, time domain 
mapping section 28 08 maps chips with spread data on 
subcarriers in the time domain and outputs the chips to 
5 switch 2 902. 

[0131] Switch 2902 outputs the chips output from-time 
domain mapping section 2808 to subcarriers having 
propagation channel quality equal to or higher than a 
predetermined level and outputs the chips output from 
10 frequency domain mapping section 2807 to subcarriers 
having propagation channel quality lower than a 
predetermined level. 

[0132] Through the above described operation, radio 
communication apparatus 2800 maps data to carrier 

15 frequencies having propagation channel quality lower than 
a predetermined level in the frequency domain and maps 
the data modulated under a modulation scheme having a 
higher M-ary number than symbols spread in the frequency 
axis domain to carrier frequencies having propagation 

20 channel quality equal to or higher than a predetermined 
level in the time axis domain. 

[0133] Next, an exampl e where data t r ansmi t ted from radio 
communication apparatus 2800 is received will be 
explained. FIG. 30 is another block diagram showing the 
25 configuration of a radio communication apparatus 
according to Embodiment 5 of the present invention. 
[0134] Radio communication apparatus 3000 in FIG. 30 is 
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provided with demapping section 3001, despreader 3002, 
despreader 3003, demodulator 3004, demodulator 3005 and 
decoder 3006, and is different from the radio 
communication apparatus in FIG. 8 in that despread symbols 
5 of data spread in the time axis domain are demodulated 
under a demodulation scheme having a higher M-ary number 
than despread symbols of data spread in the frequency 
domain. Furthermore, demapping section 3001 is 

principally comprised of frequency domain demapping 

10 section 3007 and time domain demapping section 3008. 

[0135] Following the decision result of decision section 
807, demapping section 3001 unites chips mapped in the 
time axis domain of received signals of subcarriers having 
propagation channel quality equal to or higher than a 

15 predetermined level into one piece of data and unites 
chips mapped in the frequency domain of received signals 
of subcarriers having propagation channel quality lower 
than a predetermined level into one piece of data. 
[0136] Despreader 3002 despreads the remapped data and 

20 outputs the despread data to demodulator 3004. 
Despreader 3003 despreads the remapped data and outputs 
the despread data to demodulator 3005. 

[0137] Demodulator 3004 demodulates the received data 
and outputs the demodulated data to decoder 3006. 
25 Demodulator 3005 demodulates the received data under a 
modulation scheme having a higher M-ary number than 
demodulator 3004 and outputs the demodulated data to 



decoder 3006. For example, demodulator 3004 demodulates 
the data with BPSK or QPSK and demodulator 3005 demodulates 
the data with 16QAM or 6 4 QAM . Decoder 3006 decodes the 
received data. 

5 [0138] Next, details of demapping section 3001 will be 
explained. FIG. 31 is a block diagram showing an example 
of the configuration of the demapping section of the radio 
communication apparatus of this embodiment. Demapping 
section 3001 in FIG. 31 is principally comprised of 
10 demapping controller 3101, switch 3102, frequency domain 
demapping section 3007 and time domain demapping section 
3008 . 

[0139] Based on the decision result output from decision 
section 807, demapping controller 3101 controls switch 

15 3102. Furthermore, demapping controller 3101 outputs 
the frequencies of subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
and the frequencies of subcarriers having propagation 
channel quality lower than a predetermined level to switch 

20 3102. 

[0140] Demapping controller 3101 outputs the number of 
subcarriers having propagation channel quality equal to 
or higher than a predetermined level to time domain 
demapping section 3008 and outputs the number of 
25 subcarriers having propagation channel quality lower than 
a predetermined level to frequency domain demapping 
section 3007 . 



[0141] Switch 3102 outputs the received signals 
transmitted with subcarriers having propagation channel 
quality equal to or higher than a predetermined level 
to time domain demapping section 3008 and outputs the 
5 received signal transmitted with subcarriers having 
propagation channel quality lower than a predetermined 
level to frequency domain demapping section 3007. 

[0142] Time domain demapping section 3008 unites chips 
mapped on respective subcarriers in the time domain into 
10 one piece of data and outputs the data to despreader 3003. 
Frequency domain demapping section 3007 unites chips 
mapped on respective subcarriers in the frequency domain 
into one piece of data and outputs the data to despreader 
3002 . 

15 [0143] Thus, in an OFDM-CDMA communication, the radio 
communication apparatus of this embodiment modulates 
symbols spread in the time axis domain under a modulation 
scheme having a higher M-ary number than symbols spread 
in the frequency axis domain, maps chips on which 

20 transmission data is spread on subcarriers having a 
propagation channel environment better than a 
predetermined level in the time axis domain and maps chips 
with spread data modulated under a modulation scheme 
having a low M-ary number or using no multivalues on 

25 subcarriers having a propagation channel environment 
worse than a predetermined level in the frequency domain, 
and therefore, it is possible to achieve the effect of 



maintaining orthogonality among spreading codes when 
chips are spread in the time domain and the frequency 
diversity effect when chips are spread in the frequency 
domain s imultaneous ly . 
5 [0144] The above described mapping in the frequency 
domain may also be performed two-dimensionally, in the 
time axis and frequency axis. 

[0145] Furthermore, the above described modulator and 
demodulator have been explained with a combination of 
10 BPSK or QPSK and 16QAM or 6 4 QAM , but the multivalue 
modulation/demodulation scheme is not limited to the 
above described combination. 

[0146] Furthermore, in the above described explanations, 
an inverse Fourier transform and fast Fourier transform 

15 areusedasthe methods of superimposing data on a plurality 
of subcarriers, but it is also possible to use orthogonal 
transform such as discrete cosine transform. 
[0147] In the present invention, there is no limit to 
the order in the arrangement of chips in the time domain 

20 and the arrangement of chips in the frequency domain and 
any one of the two can be performed first. 
[0148] Furthermore, the respective function blocks used 
in the explanations of the above described embodiments 
are typically expressed as an LSI which is an integrated 

25 circuit. These may be integrated into a single chip 
individually or may be integrated into a single chip so 
as to include some or all of the function blocks. 



[0149] Here, an LSI is used, but the LSI may be called 
IC, system LSI, super LSI or ultra LSI depending on the 
difference in the degree of integration. 

[0150] Furthermore, the technique of implementing an 
5 integrated circuit is not limited to an LSI and the 
technique may also be realized with a dedicated circuit 
or general-purpose processor. It is also possible to use 
an F PGA (Field Programmable Gate Array) which is 
programmable after manufacturing of an LSI or a 

10 reconf igurable processor which allows connections and 
settings of circuit cells in the LSI to be reconstructed. 
[0151] Moreover, with the advance of semiconductor 
technologies or different technologies derived therefrom, 
if a technique of implementing an integrated circuit which 

15 can substitute for an LSI appears, integration of the 
function blocks can be naturally realized using such a 
technology. For example, biotechnology may be possibly 
applied . 

[0152] The present application is based on Japanese 
20 Patent Application No . 2 0 0 2 - 2 3 8 5 3 0 filed on August 19, 
2002 and Japanese Patent Application No. 2003-295614 filed 
on August 19, 2003, entire content of which is expressly 
incorporated by reference herein. 

25 Industrial Applicability 

[0153] The present invention is suitable for use in a 
radio communication apparatus, communication terminal 
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apparatus and base station apparatus combining OFDM and 
CDMA . 
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FIG. 19 
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LOW CODING RATE DATA SPREADING CHIP 
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FIG. 22 

801 RADIO RECEPTION SECTION 
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FIG . 25 
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FROM SPREADER 2403 
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FIG .27 
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